ENURESIS presents many problems. It is such a common condition and so often we can do so little about it. Of 500 unselected children between the ages of 4 and 14 attending outpatient clinics in Leicester, no fewer than 109, or 22 %, were or had been enuretic. It is seldom associated with serious organic disease, and were it not for its social inconvenience and for the shattering effect it sometimes has on the happiness of the patient and of his parents, it might well be considered a normal condition. But as it may blight the lives of those who suffer from it, we must do our utmost to cure it. We might reasonably expect
that this would be a relatively simple matter, but of the 273 enuretic children on whose cases this paper is based, only 164 have been cured, 86 have improved, and 23 have remained quite untouched by any treatment.
I cannot hope to deal with all the problems of this baffling condition in one short paper, but can only pick out some of those of causation and some of those of management.
Firstly, is enuresis primarily a psychological illness? Usually no organic lesion can be discovered, the patients are often nervous and immature in outlook, and emotional strain often makes it worse. However, if it is a neurosis it differs from all others in being nearly always congenital (87 % of my patients had never attained control), and even among acquired cases psychological treatment frequently fails. 31 % of my cases appear to be psychologically normal. The rest showed various abnormalities, but all these were probably the result rather than the cause of their enuresis, and they were usually not serious, although one very intelligent little boy of 7 told me, when asked about his friends, "No, I haven't any friends; you see, I wet myself". The child does not gain anything by wetting himself-he loses. He loses not only some of his parents' affection and his friends, but his personal comfort. It may possibly be regarded as a symptom of regression but regression is very rare and other symptoms never met with in enuresis would surely be present. I think that it would be justifiable to say that congenital enuresis is not primarily a psychological condition, and that physical causes must be sought for and treated.
In our search for abnormalities of structure or function, we are immediately confronted with a major difficulty-the impossibility of getting normal controls. I know that many authorities compare their results with what they call "normals", but they do not say who these normal children were or how they persuaded their parents to allow them to be submitted to these examinations.
A thorough clinical examination is essential in all cases of enuresis, especially of the urinary organs. Winsbury-White (1941) has reported that vulvitis is common in enuretic girls and 53 of the 98 girls in my cases showed this. But how many non-enuretic girls have vulvitis? I believe that a good many have, but it is difficult to be sure. Winsbury-White also found meatal stenosis and stricture frequently in boys with enuresis and in my 175 boys 10 had meatal stenosis and 3 had strictures (not all were examined for this)-but how many apparently JANUARY normal boys have these lesions? Similarly, Twistington Higgins (1944) has found urethrotrigonitis, and Ellison Nash (1947) has commented on the frequency of coronal adhesions. Coronal adhesions constitute a subject in which we can get some controlled observations since their presence can be detected at an ordinary routine examination. At first I was impressed by the number of boys attending the enuresis clinic who showed them-49 of Ill uncircumcised boys, or 44 %. This seems a high proportion, as most authorities state that these physiological adhesions should disappear in early childhood. But I thought that it would be worth while examining the first 100 boys in each year of age seen by me in my routine duties. The results surprised me. While 98 % of the newly-born showed them, as was to be expected, no fewer than 56 % of those between the ages of 4 and 13 years had prepuces still adherent to the glandes, few, if any, complained of symptoms, and 78 % had never suffered from enuresis.
Here is a factor that has been blamed for enuresis, and can be compared with unselected controls. The result exonerates the adherent prepuce. How many other of the lesions confidently postulated as causing enuresis would similarly be disposed of if control observations were possible?
Phimosis is still considered to cause enuresis; controls are easily obtained. 5 of the 175 boys with enuresis, or 2 8 %, had phimosis. Among the controls 2 -9 Y. showed this condition.
It cannot therefore be blamed.
Circumcision.-At one time I thought that this operation predisposed to enuresis as 60 of the 175 enuretic boys were circumcised, that is 34*3 %. Of the 500 controls 138, or 27 -6 % were circumcised, and this suggested a possible etiological connexion. On submitting these figures to a statistician. however, I learned that they were not statistically significant.
Among the most recent and interesting anatomical investigations is the work of Fisher and Forsythe (1954) who, using micturating cystograms, found that 61 of 135 enuretics had abnormalities of the urinary tract. These were chiefly posterior urethral valves, neurogenic bladder disorders, and bladder-neck abnormalities. But, of course, no one knows how often these abnormalities occur in children who do not wet their beds.
It seems then that although structural lesions occur with some frequency in enuresis it is difficult to assess their significance.
Functional abnormalities in enuretic children.-Poulton (Poulton and Hindon, 1953) has found that relative nocturnal polyuria is common in enuretics, and I think that this is a factor in its production. At least it would produce nocturnal frequency. But I cannot help feeling that a normal child would wake when his bladder was full. And that brings me to the question of excessive depth of sleep. This was noticed nearly one hundred years ago by Trousseau (1870), and 185 of my 273 children slept very deeply, that is 68%. This again can be checked by controls, and among 500 unselected non-enuretic children only 113 or 23 % were said by their parents to be difficult to wake. This confirms the widely held opinion that hypersomnia is frequently a major factor in the production of nocturnal urinary incontinence.
There are two other common related symptoms, frequency and precipitancy: 192 of my patients passed urine once an hour or more, that is 70%. 142, or 52%, were said to have marked urgency. This was so marked in 81 of them that it was impossible for the patient to control the bladder by day. 20 of these diurnal enuretics were unconscious of the act of micturition-the others felt micturition proceeding, but were quite unable to stop it.
These symptoms suggest a severe disturbance of the neuromuscular control of the bladder and this should be confirmed by cystometry. But here again we run into the same difficulty as with other urinary investigations in children-at what volume of fluid and at what pressure does the normal child's bladder contract and produce the desire to micturate? Ellison Nash (1949) has supplied an answer. He says that the desire to micturate in a normal child occurs when between 100 and 200 ml. have been slowly introduced into the bladder. This desire is not accompanied by any rise of pressure which remains at or below 20 cm. of water. He found that more than half of the enuretics he examined showed uninhibited bladder contractions eventually resulting in micturition.
I have performed cystometry in 117 of my cases. The method I use is this: The child empties the bladder after the external parts have been cleaned and a number 5 soft rubber catheter lubricated with an anmsthetic jelly is passed. The amount of residual urine, if any, is noted. Sterile water is now slowly injected into the bladder from a 10 c.c. syringe. The volume at which the first desire to micturate is produced is noted and when this occurs the syringe is replaced by a manometer of the type used for estimating the pressure of cerebrospinal fluid. The use of a cerebrospinal manometer is much easier and much simpler than the more usual Y-junction attached to a manometer. It is true that this gives a more accurate reading of the pressure at the moment the desire to micturate is produced, but I have found that the two methods give very similar readings.
The results I have obtained show that the bladders of my patients contract when very small amounts of fluid are injected. In only 4 did the volume when the first desire to micturate appeared exceed 100 ml. In 58 it was below 10 ml. I found also that the pressure was lower than I anticipated. It was estimated in 97 patients and was below 10 cm. water in 56.
There were occasional anomalous results. In 7 children desire to micturate was produced with a small volume and normal or low pressures, but when the pressure was raised subsequently by getting the patient to strain or by manual compression of the bladder, no desire resulted. The pressure so produced varied from 20 to 100 cm. of water. Such cases suggest that there is a deficiency in the path between the cerebral cortex and the bladder. Two others felt a desire to micturate when quite a small quantity of water was injected, but when an attempt was made to withdraw some, nothing could be sucked up into the syringe; and yet when the catheter was removed, the patient emptied the bladder voluntarily without difficulty. The only explanation I can think of is that there was spasm of the trigonal muscle. This might compress the catheter and interfere with withdrawal of the fluid, but would facilitate normal micturition.
Apart from these unusual occurrences, the majority of the patients showed frequency and urgency of micturition and a bladder which contracted with a very small volume of injected water at a low or normal pressure. Such a condition suggests that the detrusor muscle fails to relax normally-that there is, if you like, a detrusor achalasia. This is often associated with an abnormal depth of sleep, and the combination of these two factors results in the well-known picture of nocturnal enuresis. If the detrusor achalasia is severe enough, and especially if there are deficient nervous connexions between the bladder and the cerebral cortex, enuresis will occur during the day as well.
We can speculate freely on what conditions can produce this state of affairs ( Fig. 1) Then there are lesions of the nervous system. Involuntary passage of urine is a classical accompaniment of epilepsy, and this condition must be eliminated as far as possible in all cases of enuresis. Turton and Spear (1953) found 22 examples of an epileptiform encephalogram in 100 enuretics. Probably cases of this type are the ones that respond to sedatives such as phenobarbitone. Diseases of the spinal cord must be eliminated, but it must be remembered that spina bifida occulta does not occur with any more frequency in enuretics than in normal people (Morrison, 1924) . Among the causes of enuresis associated with the central nervous system must be mentioned emotional strain. Everyone is familiar with the effect of this on the bladder musculature, and it is undoubtedly a factor in some cases. I doubt, however, if it is a common exciting cause. It is certainly a result of urinary incontinence and may well help to perpetuate the symptom. It may also contribute to deep sleep by producing exhaustion and fatigue. Infective and metabolic toxaemia may also do this, and for this reason attention to the general health is of great importance in treatment. I should like to conclude with a few words about treatment. If the symptom is caused by absence of detrusor relaxation it should be easily removed by the exhibition of antispasmodic drugs and by dealing with the cause if it can be discovered, and many patients can be cured by these means.
Scheme of treatment.-After the first interview and while the results of urinalysis or other investigations are awaited, I employ certain simple measures. These consist of thorough waking before wetting occurs (many parents "lift" their children and teach them to micturate in their sleep); reading or playing in bed for half an hour and then micturating, to get rid of the fluid that has been accumulated during the day in the lower extremities; getting the bowels well open at bedtime, when the tendency will be to prolong the session rather than to cut it short; and adopting a "start-stop-start" technique of micturition during the day, or micturating at set and progressively longer intervals; and the correction of any obvious psychological factors. The child is given a calendar on which dry nights are marked with coloured stars, a dry week being rewarded by a substantial gift. Some children are cured by these measures-33 of my 273. 28 others were very much improved-five dry nights or more a week-133 showed some improvement, and 79 were unaffected.
At the next interview, any infection of the urinary tract that has been discovered is dealt with. If the urine shows no infection, or if treatment of the infection does not stop the enuresis, drugs which inhibit contraction of the bladder are employed (Table I) . I suppose that these drugs are the best remedies we have. Belladonna is the most time-honoured. It must be given in adequate doses-10 minims of the tincture twice a day and 20 minims at night to start with, increasing until signs of intolerance appear. 22 of 153 cases were cured by it, 7 greatly improved, 50 improved, but 74 were unaffected. Other anti-cholinergic drugs such as Pro-Banthine bromide are a little more successful.
Of 33 patients given Pro-Banthine in doses of 15-45 mg., 5 were cured, 2 greatly improved, 11 improved, and 15 were unaffected. Ephedrine and methyl ephedrine have much the same effect, although their action is a positive stimulation of the sympathetic rather than paralysis of its antagonists. Methyl ephedrine may be given in doses of 1-3 grains. Of 110 patients treated by it, 13 were cured, 6 greatly improved, 34 improved, and 57 unaffected. Another point of attack on enuresis is deep sleep. For this amphetamine sulphate is the obvious remedy and some enuretic children appear to be able to consume vast quantities of it without ill-effect. Some enuretics can take as much as 25 mg. at bed-time and still sleep soundly. I usually start enuretics with 5 mg. at bed-time and increase the dose until the patient wakes easily. When the enuresis occurs early in the morning, the slowly acting preparations of dextro-amphetamine ("spansules") are sometimes effective. Of 80 children treated with this type of drug 12 were cured, 4 greatly improved, 19 improved, and 45 unaffected. But with all these drugs used singly, only about half the number of patients are benefited. Some very nervous children respond better to drugs of the barbiturate group. Usually they show on cystometry that they can tolerate relatively large amounts in their bladders but that the micturition reflexes are violent and uninhibited. Of 21 children given phenobarbitone, 4 were cured, 2 greatly improved, 10 improved, and 5 unaffected. Of course, some of these may be masked epileptics.
However, it is when we combine the various types of drug that we get the best results (Table II ). The simultaneous exhibition of amphetamine to reduce the depth of sleep and Belladonna J one of the anti-cholinergic drugs is frequently successful. 56 children were given amphetamine and belladonna; 11 of these were cured, 14 greatly improved, 12 improved and 19 were unaffected. Pro-Banthine and amphetamine have given the best results I have obtained so far, but the numbers are still too small to draw any safe conclusions. 13 patients have been treated with this and 10 of them were cured, and 1 improved. Sometimes belladonna and ephedrine together give gratifying results. But of 110 patients, only 13 were cured, 6 greatly improved, 34 improved, and 57 were unaffected. Several other methods have been tried on a few patients with varying success (Table III) . The alarm bell which rings when the sheets are wet is becoming very popular (Seiger, 1952) . 2 of my patients have been cured by it, 3 have improved, and 1 was unaffected. But the apparatus is not mechnically perfect as yet. Mephenesin should be effective in children who have spasm of the trigonal muscle, but the condition is difficult to diagnose, and it may not exist. In 25 children in whom it was suspected, mephenesin, either alone or in combination with other drugs, apparently brought about a cure in 4, great improvement in 2, improvement in 8, and no change in 11. Hypnosis gives rather disappointing results: Of 33 patients, 5 were cured, 11 greatly improved, 5 improved, and 12 were unaffected. Appendicectomy cured 1 patient. Other surgical measures employed are: meatotomy, 1 greatly improved and 1 unaffected; dilatation of stricture, 1 cured and 1 unaffected; and diagnostic cystoscopy, 1 greatly improved, 2 improved, and 1 unaffected. Possibly the improvement is the result of temporary dysuria.
